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2.0  ABSTRACT 

This  study  shows  that  adaptive  control  of  the  jounce 
damping  characteristics  of  the  first  and  last  wheel  of  a tracked 
vehicle  can  cause  a significant  improvement  in  performance. 

This  improvement  resulted  in  an  overall  30  percent  reduction  in 
average  pitching  rate  of  the  hull,  as  measured  on  the  simulation 
of  the  MICV  vehicle  traversing  the  JEA  bump  course. 

Verification  testing  of  the  computer  model  with  actual 
performance  data  of  the  MICV  vehicle  showed  good  correlation  of 
peak  amplitudes  and  hull  resonance.  This  data  also  confirmed 
that  the  actual  dampers  are  working  well  below  recommended  levels. 

A proposed  method  of  mechanizing  and  testing  the  adaptive 
control  on  an  actual  vehicle  is  presented  along  with  system 
schematics  and  preliminary  performance  specifications  for  the 
critical  components. 


3.0 


INTRODUCTION 


3.1  Purpose 

The  primary  purpose  of  this  study  was  to  investigate  the 
feasibility  of  using  adaptive  damping  to  improve  the  suspension 
characteristics  of  a tracked  vehicle.  Secondary  purposes  were  to 
develop  an  analog  computer  model  which  could  be  used  for  more 
complete  evaluation  by  TACOM  and  to  propose  a method  of  mechanize 
tion  of  the  adaptive  principle  for  actual  hardware  testing. 

3.2  Vehicle  and  Terrain 

The  MICV  vehicle  running  on  the  JEA  bump  course  was  selected 
as  a candidate  vehicle  and  terrain.  The  primary  reason  was  the 
availability  of  test  data  of  pitch  and  heave  while  traversing  the 
bump  course  as  well  as  high  speed  movies  showing  detail  motion  of 
the  track,  wheels,  and  hull.  The  suspension  system  has  a dual 
rate  mechanical  spring  rate  which  is  as  soft  as  a hydropneumatic 
system. 

3.3  Adaptive  Control 

The  adaptive  control  was  achieved  by  switching  the  jounce 
deunping  relief  valve  between  two  different  relief  pressure 
points  as  a function  of  pitching  rate  of  the  hull.  When  the  hull 
was  pitching  up,  the  deunping  was  reduced  on  the  front  wheels  and 
increased  on  the  rear  wheels.  When  the  hull  was  pitching  down 
the  process  was  reversed.  A modification  using  the  heave  rate  of 
the  hull  was  also  tested  by  switching  the  damping  control  on  the 
summed  signal  of  the  pitch  rate  times  a constant  plus  the 
vertical  heave  velocity.  The  constant  was  determined  by  the 
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distance  between  the  wheel  and  the  center  of  gravity  of  the  hull. 
Careful  consideration  was  given  to  the  sign  of  the  summation  so 
that  a positive  heave  signal  would  tend  to  reduce  the  damping  on 
both  the  front  and  rear  wheel  and  negative  heave  would  increase 
the  damping  on  both  the  front  and  rear  wheels.  Other  modifies- 
tions  investigated  included  the  bi-level  damping  control  in  the 
jounce  direction,  and  full  adaptive  control  on  the  first,  second 
and  sixth  wheel. 

3.4  Describing  Equations 

Two  sets  of  describing  equations  have  been  developed.  The 
first  set  assumes  the  availability  of  quite  large  analog  or 
digital  computer  capabilities.  The  second  set  is  less  complete 
and  tailored  around  the  limitations  of  a modestly  sized  analog 
computer . 

The  major  improvement  of  these  describing  equations  over 
previous  simulations  is  that  the  ground  force  is  considered  to 
act  on  the  wheel  at  right  angles  to  the  local  slope  of  the 
ground  profile.  Previous  studies  were  done  with  the  ground  force 
acting  /ertically  up  regardless  of  the  slope  of  the  bump. 

The  effects  of  the  track  have  also  been  included  for  the 
first  time.  This  effect  has  been  found  to  have  a major  impact 
on  the  dynamic  behavior  of  the  hull  primarily  due  to  an  apparent 
change  of  stiffness  of  the  suspension  system  due  to  the  track. 

A difference  of  almost  2:1  in  pitching  frequency  of  the  hull 
has  been  measured  with  and  without  the  track. 
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3 . 5 Computer  Model 

The  analog  computer  model  differs  from  previous  models 

principally  because  of  the  use  of  the  direction  of  the  ground 

. » 

force  vector  acting  to  rotate  the  hull.  The  previous  studies 
treated  the  ground  force  vector  as  a vertical  force  only.  Thus 
the  torque  to  the  hull  was  essentially  proportional  to  the 
ground  force , In  actual  practice  the  torque  is  a function  of 
both  the  magnitude  and  the  direction  of  the  ground  force.  The 
other  major  difference  is  the  inclusion  of  the  track  and  track 
tensioning  device. 

A Systron  Donner  Model  80H  analog  computer  was  used  for 
the  simulation.  One  hundred  and  four  internal  amplifiers  were 
supplemented  with  an  additional  forty-two  external  amplifiers  for 
the  simulation. 

3.6  Proposed  Mechanisation 

An  existing  tracked  vehicle  already  equipped  with  hydro- 
pneumatic suspension  has  been  selected  as  ideally  suited  for  the 
mechanization  of  adaptive  damping t main  reasons  were  the  degree 
of  improvement  to  be  expected,  the  ease  and  cost  of  rework,  and 
the  applicability  of  the  results. 

The  suggested  design  of  the  test  hardware  will  result  in 
a system  with  adaptive  damping  on  the  two  front  and  two  rear 
wheels  with  hull  pitch,  heave  and  roll  sensors  combining  signals 
to  cause  switching  of  the  damping  solenoids.  This  system  is 
flexible  enough  so  that  all  combinations  of  sensors  and  switching 
solenoids  can  be  used  or  deleted  for  system  evaluation. 
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Hardware  testing  is  expected  to  be  done  with  emphasis 
placed  on  the  quality  of  the  ride  and  the  life  expectancy  of  the 


dampers. 

4.0 

DISCUSSION 

4.1 

Computer  Simulation 

4.1.1 

Candidate  Terrain 

In  the  early  phasas  of  the  study,  a number  of  candidate 
terrains  were  considered.  Availability,  comparative  test  data, 
and  ease  of  implementation  were  the  controlling  factors  effecting 
the  choice.  By  mutual  agreement  with  the  cognizant  TACOM 
engineers,  it  was  decided  to  use  the  JEA  bump  course  for  the  NWL 
studies  to  be  followed  by  a final  evaluation  by  TACOM  using  the 
number  12  rocky  Fort  Knox  course  from  RRC9. 

The  JEA  bump  course  is  an  existing  terrain  simulation  which 
NWL  has  used  in  past  simulations  and  for  which  comparative 
performance  data  on  the  MICV  vehicle  has  been  taken.  The  details 
of  the  obstacles  and  course  are  shown  on  Figure  26.  Use  of  this 
course  gives  a data  base  from  which  relative  comparisons  can 
be  made. 

4.1.2  System  Equations 

The  describing  equations  used  to  simulate  the  system  are 
included  in  Appendix  "A"  of  this  report. 

The  basic  philosophy  has  been  to  simulate  only  one  side  of 
the  hull,  neglecting  all  roll  characteristics.  This  simplifies 
the  problem  to  three  degrees  of  freedom. 
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A unique  feature  of  this  simulation  as  opposed  to  previous 
studies,  was  that  the  vector  direction  of  the  ground  force  with 
respect  to  the  center  of  gravity  of  the  hull  has  been  considered. 

This  causes  a difference  in  pitching  motion  on  the  hull  which  is 
quite  significant.  The  difference  between  the  spring  torque  on 
the  road  arm  and  the  corresponding  ground  reaction  component 
due  to  road  arm  angle  has  also  been  considered. 

The  effects  of  track  tension  and  track  inertia  on  the 
performance  characteristics  have  been  included.  A discussion 
of  the  simulation  is  included  in  Appendix  "A". 

4.1.3  One  Wheel  Study 

The  physical  limitation  of  the  size  of  the  computer 
required  some  simplifications  of  the  describing  functions  for 
the  system.  To  select  which  parameters  could  be  simplified 
without  affecting  final  results,  a single  wheel  of  the  suspension 
system  was  simulated.  The  simulation  was  initially  made  without 
regard  to  usage  of  computer  components  but  rather  to  give  the 
best  mathmatical  model  that  was  achievable.  This  mocsl  was  then 
used  as  a comparison  against  various  simplifications  to  determine 
the  best  model  that  could  be  made. 

The  major  result  of  this  study  was  that  the  centripetal 
force  and  tangential  acceleration  force  vectors  could  be  modeled 
quite  closely  by  a single  acceleration  acting  at  a fixed  radius 
from  the  center  of  gravity  of  the  hull.  This  distance  roughly 
corresponds  to  the  nominal  steady  state  distance  between  the  center 
of  gravity  of  the  hull  and  the  centerline  of  the  wheel. 

L 
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4.1.4  Computer  Equations 

The  original  system  equations  were  simplified  to  accommodate 
the  available  computer.  These  equations  along  with  the  detailed 
computer  simulation  diagrams  are  included  in  Appendix  "B"  of 
this  report. 

By  careful  selection  of  variables,  the  horizontal  motion 
was  removed  from  the  equations  of  motion.  This  reduced  the 
system  to  only  two  degrees  of  freedom.  These  were  rotation  and 
vertical  motion. 

The  ground  profile  was  built  into  an  electrical  circuit  as 
a separate  ground  profile  generator.  Twelve  separate  leads 
were  used  to  generate  the  magnitude  and  slope  for  each  of  the  six 
wheels  so  that  the  proper  sequencing  of  each  bump  under  each  of 
the  six  wheels  could  be  properly  simulated. 


4.1.5 


Verification  of  Model 


The  computer  model  was  set  up  to  simulate  the  physical 
characteristics  of  the  MICV  vehicle.  This  model  was  then  run 
across  the  JEA  bump  course  and  the  results  compared  with  actual 
test  data  from  the  vehicle.  The  results  may  be  seen  by  comparing 
Figures  9.0,  9.1  and  8.0.  It  appears  that  the  actual  15  mph 
test  run  falls  between  the  10  mph  and  15  mph  computer  runs. 

The  damping  pressure  had  to  be  reduced  to  a 600  psi  relief 
pressure  before  the  computer  runs  began  to  have  the  amplitude 
and  acceleration  magnitudes  of  the  actual  test  data.  This 
reduction  in  pressure  level  is  substantiated  by  other  test  data 
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which  indicates  that  the  actual  damping  pressure  was  considerably 
lower  than  the  design  level  or  the  damping  level  demonstrated  in 
bench  testing. 

The  performance  of  the  simulation  is  felt  to  be  a good 
match  with  the  actual  performance  of  the  vehicle. 

The  base  line  system  established  by  this  comparison  is 
summarized  in  Figures  1 and  2.  The  5,  10,  15,  20,  25,  30  and 
35  mph  speed  runs  are  shown  in  Figures  7.0,  8.0,  9.1,  10.0, 

11.0,  12.0  and  13.0. 

4.1.6  Performance  Factor 

An  average  pitch  rate  of  the  hull  over  the  bump  course  has 
been  selected  as  a comparative  performance  factor  for  use  of 
these  studies  for  the  following  reasons: 

a)  It  is  very  simple  to  generate. 

b)  Pitch  rate  is  the  single  most  sensitive  source  of  input 
disturbance  to  the  vehicle. 

c)  An  actual  gunner  ignores  sharp  peaks  in  pitch  rate. 

Time  on  target  is  more  a function  of  average  pitch  rate. 

d)  In  general  a suspension  system  that  reduces  pitching 
will  allow  a man  to  perform  his  tasks  more  accurately, 
allowing  the  gun  stabilisation  system  to  realize  its  fv.il 
potential . 

Figures  1 and  2 show  this  performance  factor  plotted  against 
speed  for  the  different  configurations. 


The  suspension  system  was  optimized  relative  to  the  selected 


performance  factor  prior  to  incorporating  the  adaptive  damping 
system.  The  results  are  summarized  in  Figures  1 and  2.  The 
detail  computer  traces  are  shown  in  Figures  7.2,  8.2,  9.3, 

10.2,  11.2,  12.2  and  13.2.  These  studies  indicate  a considerable 
improvement  in  pitch  rate  if  the  damping  pressure  relief  point 
is  increased  to  1200  psi  from  the  apparent  present  value  of  600  psi 
and  an  orifice  is  included  for  increased  rebound  damping.  The 
relative  improvement  due  to  increasing  the  jounce  deunping  and 
rebound  damping  is  shown  in  Figure  2. 

The  average  velocity  was  reduced  to  .54  of  the  base  line 
systen  with  more  improvement  in  high  speed  operation  than  low 
speed. 


4.1.8  Adaptive  Damping 

Incorporation  of  adaptive  damping  control  shows  an  overall 
average  of  30%  improvement  over  an  optimized  system  without 
adaptive  damping.  This  is  summarised  in  Figure  1.  Detail 
performance  curves  are  shown  in  Figures  7.3,  8.3,  9.4,  10.3, 
11.3,  12.3,  and  13.3.  Figure  1 shows  a tendency  for  more 
improvement  at  tho  low  speed  runs  than  at  the  higher  speeds. 

4. 1.8.1  The  mechanization  of  the  adaptive  damping  control  was 
to  switch  levels  of  the  jounce  damping  relief  valve  between  high 
damping  and  low  damping  based  on  the  sign  of  the  pitch  rate  of 
the  hull.  The  hi -level  damping  curve  is  shown  in  Figure  6. 
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Figure  4 shows  the  deunping  curve  for  the  base  line  system  and 
Figure  5 shows  the  damping  curve  for  the  optimized  system  without 
adaptive  control. 

4. 1.8. 2 An  investigation  showed  that  switching  the  level  of 
rebound  damping  rather  than  jounce  damping  was  less  effective. 

The  results  are  better  than  simple  jounce  damping  at  the  same 
level  but  not  as  good  as  adaptive  jounce  damping.  No  data  is 
included. 

4. 1.8. 3 Pitch  rate  control  plus  heave  velocity  of  the  hull 

is  shown  in  Figure  1.  The  data  shows  a very  slight  improvement 
in  average  pitch  rate  between  15  and  25  mph,  and  a slight  loss 
of  performance  above  25  mph. 

The  overall  effect  seems  to  be  little  difference  in  per- 
formance between  having  the  additional  heave  velocity  signal  and 
not  having  it.  It  should  be  pointed  out  however  that  this 
particular  terrain  does  not  stimulate  the  vertical  resonance 
frequency  of  the  hull  and  that  perhaps  under  these  admittedly 
special  conditions,  the  heave  signal  could  show  a tremendous 
improvement . 

The  detail  performance  difference  between  the  pitch  rate 
adaptive  and  the  pitch  rate  plus  heave  rate  adaptive  control 
can  be  seen  by  comparing  Figures  7.3,  8.3,  9.4,  10.3,  11.3, 

12.3,  and  13.3  with  7.4,  8.4,  9.5,  10.4,  11.4,  12.4,  and  13.4. 
4.1.9  Sensitivity  Study 

A sensitivity  study  was  made  to  determine  the  effects  on  the 
suspension  system  of  variations  in  the  road  arm  angle  and  spring 
rate.  To  some  degree  the  two  parameters  are  related  sine*  the 
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apparent  vertical  stiffness  of  the  suspension  is  proportional 
to  the  torsional  stiffness  and  inversly  proportional  to  the 
cosine  of  the  road  arm  angle.  The  main  difference  between  the 
two  parameters  is  that  the  torsional  stiffness  controls  the 
total  energy  stored  in  the  suspension  system  or  the  peak  force  at 
the  jounce  bump  stop,  while  the  road  arm  angle  controls  the  shape 
of  the  energy  curve,  making  it  initially  stiff,  then  softer  as 
the  road  arm  angle  swings  through  zero  degrees;  then  stiffer  as 
the  road  arm  swings  up  tc  the  jounce  stop. 

4. 1.9.1  The  effects  of  suspension  stiffness  were  studied  for 
750,  900,  1100,  and  2000  in-lb/deg  stiffness.  The  base  line  is 
1000  in- lb/deg.  Any  rate  less  than  750  caused  the  wheel  to 
toggle  over  to  the  rebound  stop  due  to  the  44*  road  arm  angle 
yielding  a bigger  change  in  effective  ground  force  than  the 
corresponding  change  in  force  from  the  spring. 

The  results  show  the  improvement  in  ride  that  can  be 
achieved  with  a softer  suspension.  As  may  be  expected,  the 
softer  spring  yields  a lower  disturbance  to  the  hull.  The 
improvement  however  becomes  less  and  less  as  the  hull  speed  is 
increased  until,  at  30  mph  there  is  almost  no  difference  between 
a 750  in-lb/deg  suspension  and  a 2000  in-lb/deg  suspension. 

Detail  perfonaance  curves  are  shown  in  groups  of  four  from 
Figure  14.1  through  Figure  19.4. 

4. 1.9.2  The  effects  of  road  arm  angle  were  studied  for  39*,  44*, 

■ | 

I 

and  49*.  This  is  the  angle  with  respect  to  the  hull  waterline  and 
represents  the  static  position  of  the  road  arms  with  the  hull 
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on  level  ground  and  at  rest.  The  44*  angle  is  the  base  line 
system. 

The  results  show  that  the  more  nearly  horizontal  case  (30°) 
results  in  less  heave  and  pitch  velocity  but  a greater  total 
pitch  angle  up  to  a speed  of  about  20  mph.  Above  20  mph  the 
differences  in  ride  are  inconclusive. 

The  steeper  angles  had  higher  pitch  and  heave  acceleration 
and  velocity  peaks,  but  less  total  pitch  angle.  The  ride  appeared 
to  be  rougher. 

The  performance  curves  for  these  cases  are  shown  in  groups 
of  three  from  Figure  20.1  through  25.3. 

4.1.10  Track  Tension 

The  track  tension  equations  are  developed  in  detail  as 
part  of  Appendix  "A"  and  "B". 

Track  tension  had  the  effect  of  quadrupling  the  effective 
stiffness  of  the  suspension  system.  With  the  suspension  damping 
set  to  a very  low  value,  the  system  was  excited  and  allowed  to 
ring  down.  With  the  track  tension  activated,  the  pitch  resonant 
frequency  was  measured  at  1.4  Hz.  With  the  track  tension  effects 
removed,  this  frequency  dropped  to  .70  Hz.  Because  of  this 
tremendous  difference  in  apparent  track  tension,  the  behavior 
of  the  vehicle  across  the  bump  course  was  drastically  different 
with  and  without  the  effects  of  track  tension. 

All  evaluation  data  was  taken  with  the  track  tension  active. 
Had  the  data  been  evaluated  without  the  track  tension,  the  pitch 
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amplitudes  would  bo  greatly  reduced,  the  pitch  rates  would  be 
down,  and  there  would  be  much  poorer  correlation  between  the 
actual  vehicle  and  the  simulation.  Sample  runs  were  made  but 
the  data  is  not  included  in  this  report. 

4 . 2 Proposed  Mechanization 

In  order  to  properly  evaluate  the  proposed  adaptive  concept 
design,  certain  background  considerations  must  be  kept  in  mind, 
particularly  in  terms  of  the  candidate  test  rig  and  suspension 
components  that  arc  chosen. 

The  first  point  that  should  be  made  is  that  comparison  of 
vehicle  performances  both  equipped  with,  and  without  the  adaptive 
damping  control  feature  must  be  based  on  optimal  configurations 
of  each.  That  is,  if  the  existing  vehicle  deunping  characteristics 
arc  not  optimum  for  the  basic  and  conventionally  damped  system, 
two  situations  can  occur.  First,  the  adaptive  system  may 
exhibit  performance  advantages  that  exist  only  because  the  con- 
ventional system  is  not  optimum.  Secondly,  the  adaptive  system 
may  not  be  able  to  achieve  the  maximum  performance  improvement  of 
which  it  may  be  capable.  Implicit  in  these  two  statements  is 
the  fact  that  previous  work  has  shown  that  best  performance  of 
the  adaptive  system  is  achieved  when  it  is  incorporated  into  the 
optimum  conventional  system. 

The  theoretical  work  also  confirmed  the  validity  of  the 
basic  rationale  for  the  adaptive  system.  When  a moving  vehicle 
encounters  ground  disturbances,  nonlinear  periodic  motions  of  the 
suspended  mass  result.  The  suspension  system  must  damp  out  these 


notions  by  the  generation  of  velocity-dependent  forces.  In  a 
conventional  system,  these  forces  are  also  generated  when  an 
undisturbed  hull  traverses  the  ground  disturbance.  The  sus- 
pension damping  thus  not  only  removes  disturbances  in  the  hull,  but 
contributes  to  the  source  of  those  disturbances,  when  it  reacts 
to  the  original  ground  disturbance.  The  adaptive  concept 
recognized  this  anomaly  by  postulating  the  following  control 
philosophy:  the  damping  force  should  only  exist  when  the  local 

hull  velocity  is  in  a direction  opposite  to  the  damping  force. 

As  an  example,  consider  a jounce  damper  on  #1  wheel  when  it 
encounters  a bump.  The  upward  motion  of  the  wheel  creates  an 
upward  acting  force  on  the  hull  due  to  the  damper  as  well  as  the 
winding  up  of  the  spring.  This  increased  force  causes  increased 
disturbance  to  the  hull.  After  the  bump  has  been  traversed,  the 
damping  action  acts* to  remove  the  periodic  motion  which  is  induced 
in  the  hull  because  its  force  is  now  always  in  the  opposite 
direction  to  the  hull  motion.  The  adaptive  function  removes 
the  damping  force  when  the  bump  is  first  encountered,  but  applies 
it  when  the  bump  has  been  traversed. 

These  comments  apply  only  when  the  suspension  system  can 
swallow  the  ground  disturbance.  That  is,  when  the  ground 
disturbance  does  not  demand  wheel  travels  greater  than  the  sus- 
pension capability.  With  large  obstructions  in  particular,  the 
suspension  system  must  generate  forces  large  enough  to  move  the 
hull  away  from  the  obstruction,  so  that  the  wheel  does  not  bottom 
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out  on  the  bump  stop.  This  situation  demonstrates  the  desirability 
of  having  an  adaptive  control  system  that  can  be  switched  out 
under  certain  conditons.  It  also  points  to  the  main  advantages  of 
an  adaptive  system,  which  are  to  smooth  out  the  relatively  small 
disturbances  in  order  to  provide  a better  gun  firing  platform, 
increase  riding  comfort,  and  reduce  heating  of  the  damping 
mechanism. 

With  respect  to  the  damper  heating  problem  it  should  be 
pointed  out  that  reducing  the  damping  force  invariably  increases 
the  heating  effect.  Numerous  tests,  as  well  as  simulation  pro- 
grams have  demonstrated  this  phenomenon.  This  has  to  do  with 
the  resonance  characteristics  of  the  vehicle  in  pitch  heave  and 
roll.  With  no  damping  at  all,  the  hull  motions  become  so  severe 
that  the  suspension  components  are  damaged.  However,  in  this 
case,  the  heating  is  zero.  Increasing  the  deunping  from  zero 
results  in  a peak  in  the  heating  rate  at  very  low  damping  levels. 
The  heating  effect  then  drops  continuously,  again  becoming  zero 
when  infinite  damping  is  reached.  At  some  specific  damping  level, 
the  ride  motion  becomes  less  severe,  and  the  heat  dissipation 
capability  of  the  suspension  is  least  exercised.  With  adaptive 
damping  added,  the  damning  level  could  presumably  be  increased, 
allowing  for  a rough  but  mobile  characteristic  over  severe 
terrain  when  the  adaptive  system  disconnected. 

The  desirability  of  a high  damping  level  also  is  a factor 
when  the  suspension  spring  characteristics  are  optimized. 
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For  the  best  ride,  the  spring  rate  must  be  as  low  as  possible, 
since  it,  too,  induces  disturbances  to  the  hull.  This  is  not 
desirable  when  traversing  severe  terrain,  however,  but  can  be 
offset  by  having  high  damping  levels. 

Concept  Design  Goals 

Previous  work  has  indicated  the  feasibility  and  potential 
advantages  of  an  adaptive  system.  The  concept  design  proposed 
is  intended  to  confirm  these  results  by  hardware  testing  and 
answer  certain  questions  not  answered  by  previous  work.  These 
goals  are  summarized  as  follows: 

1)  evaluate  the  adaptive  system  as  initially  conceived. 

2)  Subject  the  system  to  terrain  and  operating  modes  not  covered 
by  previous  work. 

3)  evaluate  the  use  of  heave  velocity  sensing. 

4)  Evaluate  the  use  of  roll  velocity  sensing. 

5)  Determine  the  effect  of  adaptive  damping  on  front  wheels 
only. 

6)  Evaluate  fail-safe  feature. 

7)  Provide  for  recording  of  all  dynamic  quantities  of  interest. 
3)  Measure  dynamic  performance  of  sensors  and  solenoids. 

9)  Evaluate  different  levels  of  sensor  switch  bias  offset. 

10)  Evaluate  drive  selection  of  damping  mode. 

11)  Evaluate  variable  spring  rate  provision. 

12)  Evaluate  damping  levels. 
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4.2.1  System  Schematic 

The  proposed  integrated  adaptive  suspension  and  control 
system  is  shown  schematically  on  S-2850023,  and  Figures  28.0 
and  29.0 

It  is  proposed  to  rework  the  damping  valve  section  of  an 
existing  hydropneuraatic  system  to  incorporate  the  solenoid  valves 
for  bi-level  damping  control.  This  rework  would  be  done  on  the 
front  and  rear  units  of  the  suspension  system.  The  addition  of 
two  rate  gyros  for  pitch  and  roll,  one  vertical  rate  gyro  for 
heave,  and  the  associated  electrical  logic  and  switching  console 
completes  the  najor  portion  of  the  adaptive  system. 

An  additional  solenoid  is  proposed  to  connect  the  hydraulic 
side  of  the  springs  of  the  first  and  second  units  through  a 
manual  selection  switch.  This  allows  for  a manual  selection  of 
two  different  spring  rates  for  the  loading  wheels.  The  system 
is  completed  with  the  addition  of  electrical  manual  shut-off 
switches  which  will  allow  the  vehicle  to  be  run  with  various 
combinations  of  *ront  wheel  control  only,  front  and  rear  wheel 
control,  pitch  control  with  or  without  heave  control,  with  or 
without  roll  control,  or  no  adaptive  damping  at  all. 

A complete  evaluation  of  the  adaptive  damping  concept  can 
be  made  by  electrically  switching  the  system  into  the  various 
nodes  of  operation  with  no  mechanical  changes  to  the  system  while 
traversing  the  same  terrain  on  the  same  day  in  the  same  vehicle. 


The  proposed  system  has  been  optimized  for  maximum  inte- 
gration, simplicity,  flexibility,  and  ease  of  conversion. 

The  system  integrates  easily  into  existing  hardware  and 
requires  only  the  acquisition  of  a few  additional  parts  all  of 
which,  with  the  exception  of  the  reworked  damper  valve  and 
special  electrical  logic  package,  are  standard  existing  hardware 
with  proven  performance  characteristics. 

The  controlled  damping  is  proposed  to  be  added  to  both  the 
front  and  rear  wheels.  Computer  studies  indicate  that  the 
system  will  work  quite  well  on  just  the  front  wheels.  Both  front 
and  rear  wheels  however  can  be  incorporated  with  very  little 
added  effort  and  it  is  felt  that  under  conditions  not  tested  on 
the  computer,  such  as  undulating  terrain,  that  both  front  and 
rear  wheel  control  may  be  needed.  The  rear  wheel  adaptive  damping 
may  be  switched  out  for  evaluation  of  the  benefit  derived  by  this 
additional  control. 

Pitch  and  roll  rate  sensors  and  a vertical  accelerometer 
make  up  the  sensors  for  the  system.  Rate  sensors  have  been 
selected  on  the  basis  of  proven  performance  and  system  simplicity. 
A solid  state  accelerometer  is  available  which  has  the  capability 
of  extending  the  life  expectancy  well  above  the  1000  hour  level 
of  the  rate  sensor,  but  the  electronic  circuit  would  have  to  be 
extended  to  include  an  integrator  with  proportional  feedback  to 
offset  the  long  term  drift  problem, and  the  physical  mounting  of 
the  accelerometer  within  the  vehicle  hull  would  become  more 
critical. 
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The  six  solenoids  used  by  the  system  are  all  identical. 

A conventional  off-the-shelf  type  valve  manufactured  by  IIWL 
for  a number  of  aircraft  and  ground  vehicle  applications  is 
being  used.  The  high  flow  requirements  of  the  spring  rate 
selector  solenoids  are  accommodated  by  a pilot  operated  valve 
which  is  driven  by  the  solenoid  valve. 

Fail  safe  features  are  inherently  included  in  this  type  of 
system.  The  solenoid  valves  are  of  the  normally  closed  type  so 
that  with  no  electrical  power,  the  system  will  automatically 
revert  to  a conventional  hydropneumatic  suspension  system. 
(Reference  Figure  27.0) 

4.2.2  System  Evaluation 

Low  amplitude  switching  of  the  solenoids  could  cause  excess 
wear  to  the  components,  reducing  their  operating  life.  This  is 
circumvented  by  the  use  of  a small  bias  offset  on  the  rate 
detector  and  summing  circuit.  Thus,  a discrete  pitching  rate 
level  must  be  reached  before  any  switching  of  the  solenoids  takes 
place. 

The  rate  signals  from  the  pitch,  roll  and  heave  sensors  are 
summed  with  an  adjustable  weighting  factor  given  to  each  signal. 
The  resulting  signal  will  determine  the  solenoid  position  for 
each  of  the  four  variable  damping  solenoids.  Because  of  the 
difference  in  sign  of  the  summation  and  also  to  increase  the 
overall  reliability,  each  solenoid  will  have  its  own  sunning 
network . 


20 


The  solenoid  valve  used  for  varying  the  effective  spring 
rate  for  the  first  two  wheels  is  triggered  by  a manual  on-off 
switch.  This  allov/s  the  solenoid  to  run  on  normal  vehicle  power 
without  any  power  conditioners  being  used. 

In  actual  application,  the  valve  and  line  restriction  and 
inertial  impedance  will  tend  to  have  a dynamic  effect  on  the 
modified  spring  rate.  For  slow  acting  disturbances  such  as 
undulating  terrain,  the  lower  spring  rate  will  be  apparent. 

For  fast  acting  disturbances  such  as  blocks  or  rocks,  the  oil 
transfer  between  the  units  will  be  delayed  and  the  wheel  will 
have  its  normal  high  stiffness,  even  when  the  lower  rate  is 
requested  by  the  solenoid. 

4.2.3  Sensor  Trade-Off  Study 

4.2. 3.1  Sensor  Types.  Standard  angular  rate  gyros  are  used 

to  indicate  directly  the  required  pitch  and  roll  rate  information. 
A linear  accelerometer  is  used  for  the  vertical  (heave)  direction. 
Linear  rate  sensors  are  not  commercially  available.  The 
acceleration  signal  is  integrated  electronically  to  obtain  the 
heave  rate. 

4.2. 3.2  Rate  'tyros.  Angular  rates  of  up  to  60  deg/sec  can 
occur  on  the  hull,  but  the  signal  of  interest  is  only  in  the  plus 
and  minus  5 deg/sec  range.  A 5 deg/sec  sensor  can  be  used,  and 
the  piekoff  will  be  against  its  stops  beyond  this  range.  The 
characteristics  of  a rate  gyro  allow  this  to  occur  without 
degradation  in  performance. 
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4. 2. 3. 3 Accelerometer.  The  electronic  circuitry  to  obtain 
the  vertical  rate  from  the  accelerometer  is  the  critical  part 
of  this  component.  Very  low  drift  requirements  are  necessary. 
Commercially  available  I.C.  components  are  available , but 
additional  circuitry  is  required  to  filter  out  high  frequency 
components  of  the  signal  due  to  noise.  Proportional  feedback 
which  has  the  effect  of  canceling  out  very  low  frequencies  is 
also  required  to  compensate  for  long  term  drift  inherent  in  such 
a system. 

4. 2. 3.4  Switching  Logic.  The  local  velocity  of  t'  j hull  at 
each  damped  wheel  is  required.  Figure  31.0  shows  the  switching 
logic  to  be  used. 

4. 2. 3. 5 Simplification.  The  complexity  of  the  concept  design 
is  increased  due  to  the  need  for  examining  the  validity  of  the 
simplifications  which  the  simulation  study  showed  feasible.  For 
instance,  it  is  anticipated  that  only  pitch  rate  will  be  needed 
ultimately  to  obtain  most  of  the  adaptive  damping  effect. 

4.2.4  Performance  Specifications 

4. 2. 4.1  Appendix  C gives  the  rate  gyro  specifications. 

4. 2. 4. 2 Accelerometer  specification  TBD. 

4.2.4. 3 Damper  Valve.  Figure  30.0  shows  the  damper  valve 
design.  This  is  an  in-house  design  and  manufacture.  Additional 
data  for  design  is  contained  in  R-1649. 

4. 2. 4. 4 Electronics.  TBD.  This  is  in-house  design  and 
*v 

assembly. 
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4. 2. 4. 5 Suspension  Units.  Existing  NWL  designed  and  manu- 
factured units  are  to  be  used.  See  Section  5.0. 

4. 2. 4. 6 Solenoid  Valve.  This  is  a standard  NWL  Model  3785 
unit. 

4.2.5  Hardware  Testing 

4. 2. 5.1  Test  Conditions  Selection.  The  following  conditions 
will  be  selected: 

1)  Jounce  damping  levels  on  the  first  and  last  wheel  locations 
on  both  sides  of  the  vehicle. 

2)  Removal  of  heave  rate  logic. 

3)  Removal  of  roll  rate  logic. 

4)  Spring  rate  modification  to  the  #1  and  #2  road  wheel  sus- 
pensions, by  means  of  manual  controls  or,  as  an  alternate, 
automatic  control. 

5)  Damper  valve  damping  pressure  levels. 

4. 2. 5. 2 Test  Instrumentation 

1)  A 15  channel  tape  recorder  will  be  used  to  measure  the 
following  variables. 

a.  Damper  pressure  levels  (4). 

b.  Pitch,  roll  and  heave  sensor  rate  signals,  (3). 

c.  Voice-over  recording  of  test  condition,  (1). 

d.  Solenoid  logic  signals  (4) . 

e.  Suspension  cylinder  pressures  (2). 

f.  Vehicle  speed. 

( j 
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5. 2. 5. 3  Terrain  Selection 

1)  Bump  course 

2)  Cross-country  terrain 

3)  Ditches 

5.0  CONCLUSIONS 

5.1  A pitch  rate  adaptive  system  can  be  expected  to  yield 
a 30%  improvement  in  average  pitch  rate  over  a comparable  non- 
adaptive  system. 

5.2  The  addition  of  heave  rate  to  the  pitch  rate  signal 
shows  only  a marginal  improvement  between  15  and  25  mph.  This 
control  loop  might  become  significant  under  the  special  operating 
conditions  of  undulating  terrain  being  traversed  at  a speed 
which  will  excite  the  vertical  resonance  of  the  suspension  system. 

5 . 3 The  most  improvement  of  the  pitch  rate  adaptive  system 
can  be  expected  from  a vehicle  with  a soft  suspension  system. 

5.4  The  track  tension  device  is  so  important  to  the 
characteristic  behavior  of  the  vehicle  that  it  should  be  included 
as  part  of  the  suspension  system  design. 

6.0  RECOMMENDATIONS 

6.1  Pitch  rate  adaptive  damping  should  be  tried  on  an 

actual  vehicle. 

6.2  A vehicle  with  a soft  suspension,  preferably  a hydro- 
pneumatic system,  should  be  used. 

6 . 3 Heave  rate  adaptive  damping  should  be  incorporated 

with  the  pitch  rate  damping  in  such  a fashion  that  it  may  be 
switched  on  or  off  for  comparative  performance. 
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AAS/C  SYSTEM  LOUAT/OUS 

iXiztn  uASioauL 


X;  - GROUND  CONTOUR  MT/6M r INT£RFR£TMD  AS  T* £■  HF/6H T 
OF  #*B  OF  UNO/ 5 TOR7£D  i tK  USH£-£L  IN  CONTACT  k/t  TH 
6 ROUND  S££  F/g.  *£ 

y;m  ACTUAL  MM/OMT  OF  HHO  OF  / tK  tURFAL  tU/TR  AT** FACT 
9 TO  / TJ  DATUM  FT  A NOT  SUM  F/g  *£. 

#•  " ncr/oonTAl  Four/ du  or  Huo  or  /** n/Nffl  j ww/t 

4 - ANCt£  OF  AFRROACM  OF  TpfACtl.  To  / **  H/ADHTg. 

H//TU  RMSFMX.T  7*  ryfu£  HOR/aoNTAL.,  FoS/T/rA  ONUNiuAAD 
JJj  “*  GROUND  R/S£  ANC4£  AHMAD  OF  /**“  UAMXL  RMLAT/Rg 

To  T/tur  MomtaouTAc.  jam  f/c  *e. 

/'  -AHttM  OF  0£RARTNR£  or  TRACK  FROM  /**  R/M££L  l~/TR 
DMJFWcr  TO  TAN*  MCR/MNTAC.  , FOS/T/UM  ASCMNO/N* 
ay  - ANGt£  OF  /**  road  A fHA  AM  CUM  MOLD  RoH/BoHTAL 
2^-  ANCUT  of  t>er*R7VRF  or  TRACK  FRo f*  FRONT  ID4.fr/ 
SFROCKHF  R£F*RA£D  TO  R4AUM  J.  ro  F/TCN  F4AU£ 

AND  CoNTAuJ/Lt*  C 6.  A NO  FRONT  IDL£R/SFRoC*£T  *413 . 
% - ANCC4  oF  ARRROAC.N  Of  TRACK  TO  R4AR  /DLL A /SFRocFiT 
R£TFRR€0  TO  />4*U£  JL  F/TCM  F£AN£  AND  C+UFRafUG 
CC.  AND  FURR  'OCAR SAApCFg T AXIS. 

-ah6U  of  Road  arm  balou>  trn£  Horizontal  ( 

F;  -ground  contact  normal  forcd  at  i**~  uhlml 

~ GROUND  Don  TAC  T T~ANG£NT/AL  FORGO  a r/t*  4/MALL. 

Fff!  - RAMAL  C *NFCN£N  T OF  F*  RC£  DM  TSN££R  MF44  AND  £MD 


ARM 

fa  - ^iRRMNPtCUMR  ConFONMNT  OF  FORCC  R£T/n£MN  NNlL 

And  /**  Road  arm 

H;  - TORQN*  RMThUBH  HOLLAND  /^JgJFVNJ/oN  NAI/'r 
Y * VMR7VCAL.  RcS/T/OM  oF  MOLL  C.G.  AT/TF  AAXFOCr 
TO  DATUM 

Z.  - Horizontal  PostT/orf  of  hull  G.6. 

hCH  - PtCcK  f ."l/cL  U//TH  R*SR£cT  To  TRU£ 

HORIZONTAL  y/>CS/TlU£  PotON  m FRONT. 


D;  ~ ICNC  TM  OF  T/TAC*  PC  Tu^ACH  / <A  u^Hcn.  AND 
O *t)^  H/fUAL. 

Dr  ” LAH6  TM  aF  r/FAcK  BP  7* iMPAS  F/reMT  tOLCJr/sFMteFCF 
A HP  F/PST  HSttCPC 

Dfj  " C£HCTM  *F  r/TAeF  QM  rtiSPPN  PrAp  USHCPl.  A PP 

Pcaa  tt*ur/sr/ir'trer 

H;  - ATCJfPO £ ¥*/t*7  CF  CAM  MO  CcNTOUP  PC  r*s££M 

Me**-  and  TPi r O+i ) **  vfcfl 
S;  - O/FFPPPHCC  BrctumrP  Of  Amp  ACh/MAC  LPtoGF*  +r 
TPPC*  Pc rp/CSA/  hsttecc  AMP  (!+/)** 

Zif  ~ 7YMJ/OH  FcPC-C  IM  r/r’AC.  X ?AC,M*aJ&  t&tvMCCC. 

7Z>i  - T£*3**H  FC/rcc  /A/  r/fACH  PCPAP7/**  *&’ tutU£i~ 


More:  c. 6.  me#  tv  amY  of  7*r  *ecti£  ftcFCps  t#  cap 
ecu  rep  *e  6 pa  wry  of  rpr  jpppma  mass,  op  rurpun 

DA  ntM  PLAM£S  : 

y = o HU  cl  eCt/BC,  PoAp  A PM*  /M  Kent  UAL  JCAT/C 
Pcht/cM  (&*)  y Ail  k/t*c£e.S  c/A/0/J ra/r rero  and 
Jujr  /N  OW/TACT  UstTP  l£P£l  GfitKMD  .*  All  X;  S 
A HD  y;  3 Apr  rr/FO. 
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basic.  syj  £fUA  ZLetii 

5 ys  T£M  C&U3  TAHT3  AND  f^AATANdT^JtS 

CD  - S»i*£.NSieN  UN!  r <So£TA/CiotiT.  TN/S  MAV 

3<C  A,  ruNC  T'Cfif  VCCecJTY  AMD  DAATTN&  T+/rqt/£ 

J£X££  . 

- Gf?c  uur-  - j/fA  ex-  u^hdti.  /*/r£ATAC£  5/»/nN<ij?Ar£. 

NCT  A-  / i- c t>£r/N£C  . US£  MAX/MU Ai  Ac. CAL  A TAS££  XA!M£t 

*os  st  04  v /a  cimainu  Sen*  daha/ns 
0{  - 7o/rSteNAt-  SA/TlNlS  A7A  7£  **  Sms  A£N3*aN  SA/T/NC 
MA/  mtv  A//T*  A*AP  AAA  AN&££ 

yn  -£ unT£p  mass  ca  */***££  anp  *oap  a am  at 

k/*££i_  HttQ 

R -&04P  A/TM  ££*&r# 

- ANG££  AaAP  A*H  /»££* MX  *tf££  H#/Tt &>NTA  L. 

AT  H cM/C*  S*SA’£HS/*H  2 A*/ *6  <3  r**USf  A*£A'  A 
b0-h/*Htf/At  5 TA  TK~  ANSI*  At  /f>AA  O A AH  73  ££  mA 
/ftiSC  ftpA/XPA/TAt. 

Ar  - PUTAN&£tH£A*Ur£A  IN  M/TCN  *CAN£ / O * C.<£  TPOM 

rftcNr  /atm  /smocxsT  axis 
A0  “ DUTAHCt  f M£A3t4A*0  / N A/7C.A  P/.AUC  ,*£  C.C.  T77XM 
*CA/r  iOlAJr/  SAACC.X'CT  AXIS . 
h - XGtHT  PA  CO.  A/3*V*  rtANC  CX  SPJTdNMH 
UNIT  AXC3 

X ~ Pitch  honour  or  iuxatt; a 07  hncc  adapt 

its  c.s.  ( sattuns ) 

X;  - D/S  TaHC£  MtASotAK*  in  HUCL  He*t£0UTAC  PX 
}H3A*N3tPH  UN/T  A A!  3 4 X£At>  o r HUIU. 

XI  -SAAUH6  Pi  A S3  <?£  XUCC. 

tf]  - • AnG>L£  , MMASu/fdO  /V  M/Tc-N  /*£AM£T  9t7N£*N  l/X£  THcH 
C.C.  TP  i **"  SUSA£A/JIPM  UNIT  ANP  H*l*>  NPffiBpNTPU. 
S/gN  SAHC  A3  TPff  tf 

tr  - *NOCt ^HtASUPPP  *N  nrcM  AtAMfj  afTMAAH  otti*  P40H 

c.  s.  ,T6>  taa nt  nnAA/jAmcArr  aho  hail  AN/r/MXtm id- 
£a  •AHtoJB,  AdASMAm*  IN  A/ TCJ*  4£AMCy  3£TM£MN  d/N£  AASM 
C.6.  T*  At**  ttH.d*/3*mM.r£r  a no  n*im  m^Diano**- 
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6AS/C~  SVJ7ZH  £<?«ATJ6M 
SYSYCM  CAHSTAMTJ  AND 

c„  - ix/xicmtihs  tac-taa  *&* r DcrcAMtMim s yaack  amccu 

D)  ~ MAMlMAC  STATIC.  TAACY  CU ******  DATUM  CM  /^ACO 
a *■*  )*  kS*C£4- 

*#*/*»*  STATSC.  rjTAc.K'  CAMgHf  OCThAt'CM  Y/TaMT 
lOtCA  *A*OC**r  AM*  Y/MST  K*ACAC 
P*0  ~ MS/UMAi,  STAr/C.  TATAC.K  CAMAY#  tSCTMAMN  ***** 
l*UUr/SASYACV£7  AMD  JLASTUACC4- 
Kj  - TJMC.X  £**m&r/t/£  *******  m*T£T  /**  r<£MJ***t 
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LTD.  or  - MTC 


MM.  M WH 


Taylor 
¥ 


8.3  35  ma  was  75  ma;  17  ma  was  15  ma. 

9.7  WVDC  was  UVD 

12.2  0.075%  max  was  0.05% 

15.0  Vlas  "Alignment  of  gyro  in  mount" 

18.1  170  deg/sec  was  ±10  dcg/scc. 

8.5  A 8.6  Add  winding 

8.10  Add  (NWL  to  supply  capacitor) 

Per  ECO  62039 


Was  Type:  GR-G5-AK7  IS:  GR-G5A-1.74N 
Was  1375-f  j 6780  IS:  625  ♦ j 3550 
Was  TBD  IS:  0.221  10%  caoacitor 

P€R  €CO  C&3/43 


SPECIFICATION  MUST  APPEAR  ON  ITS 
OL  DRAWING 
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1.0  This  specification  covers  NorthroD  Tyoe  GR-G5A-1.74N 
gyro. 

2.0  TEMPERATURE  RANGE 

2.1  Ooerating:  -25*F  to  +165*F 

2.2.  Storage:  -70***  to  +165*R 

3.0  NOMINAL  RA'TE  RANGE:  1100*/sec 

4.0  STOPS  SET  AT:  100  to  120*/sec 

5.0  OVER- RANGE:  500*/sec  with  no  change  in  characteristics 

6.0  NATURAL  FREQUENCY:  55Hx  nominal 

7.0  SCALE  FACTOR 

7.1  At  room  temoerature,  measured  at  ±10*/sec: 

54  to  60  MV/Vsec 

7.2  Scale  factor  change  with  temperature:  0.02%/*F 

8.0  PICKOFF 

8.1  Excitation  Voltage:  16  VRMS 

8.2  Excitation  Preauency:  5000  Hx 

8.3  Excitation  Current:  86  ma  nominal  untuned,  17  na 

nominal  after  tuning 

8.4  Series  Choke:  None  reauired 

8.5  Primary  winding  impedance  at  room  temperature:  41  ♦ j 
189  nominal 

8.6  Secondary  winding  impedance  at  room  temperature: 

625  ♦ j 3550  nominal 

8.7  Phase  Angle 

8.7.1  At  room  temoerature:  15* 

8.7.2  Over  operating  temperature  range:  18* 

8.8  Padding:  As  required 

8.9  Load:  10,000  ohms  in  parallel  with  1000  pf  capacitor 
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8.10  Power  Factor:  0.9  minimum  with  a 0.22  ±10%  MFD  capacitor 

connected  across  the  primary  (JIWL  to 
supDly  caoacitor) 

9.0  MOTOR 

9.1  Excitation  Voltage:  26  v TR'IS,  single  phase 

9.2  Excitation  Frecuency:  400  Hz 

9.3  Excitation  Waveform:  Won-sinusoidal;  OUASI  sauare 
Wave 

9.4  Power ’ Plan 

9.4.1  Starting:  3.5  watts  maximum 

9.4.2  Running:  3.0  watts  maximum 

9.5  Excitation  Current 

9.5.1  Starting:  125  ma  maximum 

9.5.2  Running:  110  ma  maximum 

9.6  Power  Factor:  Not  less  than  0.9 

9.7  Phase  splitting  caoacitor  (to  be  supplied  bv  NHL): 

0.75  MFD  at  100  WVDC 

9.8  Syncronizatlon  Time 

9.8.1  At  room  temperature:  30  seconds  maximum 

9.8.2  Over  the  operating  temperature  range:  30  seconds  maximum. 

10.0  Damping  Ratio  over  the  operating  temperature  range: 

0.5  to  1.0 

11.0  MASS  UNBALANCE:  0.05  */sec/g  maximum 

12.0  HYSTERESIS 

12.1  Definition:  Hysteresis  rhall  be  calculated  as  the 

total  width  of  the  hysteresis  loop  at  its  widest 
point  divided  by  total  rate  input  used  in  generating 
the  complete  loop.  For  example,  if  a hysteresis  loop 
is  generated  by  operating  the  gyro  first  at  100*/sec  CW 
then  at  100*/sec  CCW  and  it  is  found  that  the  widest 
width  of  the  loop  is  4 mv  while  the  outputs  at  100*/sec 
are  5.98  and  5.92  volts  the  hysteresis  shall  then  be 
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calculated  as: 

8,8  - T.'A'-Tll-ii  aw  - °-034* 

12.2  Value:  0.075%  naxirvun 

13.0  Zero  Offset  with  Output  axis  Up 

13.1  At  room  temperature:  i0.2*/sec  maximum 

13.2  Shift  over  the  operating  temperature  range: 

±0.3*/sec  maximum 

14.0  AC  NULL  VOLTAGE 

14.1  Total  Null  Voltage:  100  MVRMS  maximum 

14.2  Quadrature  Null:  TBD  maximum 

15.0  ALIGNMENT  OF  GYRO  IWPCT  AXIS  IN  HOUITT 

15.1  Error:  iO.l  degrees  maximum 

15.2  Orientation:  As  shown  in  NHL  drawing  925064 

16.0  THRESHOLD:  0.01  deg/sec  maximum 

17.0  RESOLUTION : 0.01  deg/sec  maximum 

18.0  LINEARITY 

18.1  Definition:  The  linearity  error  is  defined  as  the 

difference  between  the  measured  outnut  at  any  rate 
and  the  outout  as  indicated  by  a straight  line  through 
the  170  deg/sec  points. 

18.2  Value:  0.5%  of  full  scale  plus  0.51  of  the  reading. 

19 .0  Self  test  Characteristics:  No  self  test  capabilities 

are  required 

20.0  DIELECTRIC  STRENGTH 

20.1  Once  only:  250  VRMS,  60  Hs 

20.2  Repeated:  150  VRMS*  60  Hs 
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21.0  OUTLINE  CONFIGURATION ; As  shown  in  NWL  drawing  925064 

22.0  VIBRATION 

22.1  Type:  Random 

22.2  Bandwidth:  1200  Hz  (20  to  1200  Hz) 

22.3  Density:  0.006  g*/Hz 

22.4  Amplitude:  3.8  g's  peak  (2.68  g's  RMS)  nominal 

22.5  Gyro  Error 

22.5.1  During  Vibration:  Gyro  to  operate  within  spec. 

22.5.2  After  Vibration:  No  damage 


23.0  ACCELERATION:  These  requirements  are  TBD 

24.0  SHOCK 

24.1  One-half  sine,  40  g's  peak,  45  MS:  No  damage  after 

repeated  exoosure 


24.2 


i 


25.0 

26.0 
26.1 


Triangular,  10.5  g's  peak,  100  MS:  No  damage  after 

repeated  exposure 

EMI:  MIL-STD-461A,  Notice  4 

MODULATION  NOISE 

0 to  1.4  Hz:  Maximum  allowable  modulation  noise 

increases  linearly  with  frecuency  from  zero  at  zero 
frequency  to  0.05  deg/sec  at  1.4  Hz. 


26.2  1.4  tc  20  Hz:  0.05  deg/sec  maximum 

26.3  20  to  100  Hz:  0.15  deg/sec  maximum 

27.0  LIFE:  1000  hours  of  operation  minimum 
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Conputerlsed  slaulstlon 
suspension  devices 
road  wheels 
tracked  vehicles 


pitch  (notion) 


Is  study  shows  that  adaptive  control  of  tb^j ounce  danplaa  characteristics  of 
the  first  and  last  wheal  of  a tracked  vehicle  can  causa  a significant  lap  cove- 
nant la  performance.  This  laprovanaat  resulted  la  aa  overall  30  percent  reduc- 
tion In  average  pitching  rate  of  the  hull,  as  asasured  oa  the  slaulstlon  of  the 
NIC?  vehicle  traversing  the  JIA  bap  course. 

Verification  testing  of  the  conputer  nodal  with  actual  perforaance  data  of  tbe- 
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cv  vehicle  showed  good  correlation  of  peek  amplitudes  end  hull  resoneaee.  Thi 
dece  elso  confined  thee  the  ectuel  deeper*  ere  working  well  below  recoaaended 
levels. 


JV 

A proposed  wethod  of  aochenlrlng  end  testing  the  edeptlve  control  on  en  ectuel 
vehicle  Is  presented  elong  with  svseen  scheme  tics  end  preliminary  performance 
specif lcetlons  for  the  critical  cononents. 
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